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�is letter presents a wideband antenna for high-precision Global Navigation Satellite System (GNSS) applications. �e antenna
consists of a pair of improved orthogonal dipoles that are fed by a feed network with Composite Right/Left-Handed Transmission
Lines (CRLH-TLs), a polygonal patch, and a re�ector. By using improved orthogonal dipole, the beamwidth of the antenna is
broadened. �e CRLH-TLs is adopted in feed network to obtain outputs with stable phase di�erence. Experiment results indicate
that the antenna has a less than 10-dB return-loss bandwidth in the range of 1.1 to 1.7 GHz, a 3-dB axial-ratio bandwidth from 1.2
to 1.6GHz, and a larger than 6.37 dBi gain in the whole operating band.�emeasured results show that the proposed antenna has
stable performance in the whole operating band, which means that it is a suitable antenna used for GNSS applications.

1. Introduction

�e global navigation satellite systems, such as Global Po-
sitioning System (GPS), GLONASS, Galileo, and BDS, have
been used in many areas such as navigation, positioning,
geographic surveys, time standards, and meteorology. Ac-
curacies on the order of centimeters and millimeters are
required in many high precision applications [1, 2]. How-
ever, multipath error continues to be a major limiting factor
in realizing the level of accuracy [3–5]. To maintain high
accuracy in GNSS, the multipath signals received by the
system, which are created by re�ections from nearby ob-
stacles, should be mitigated. To provide high possible po-
sition accuracy in multipath environments, GNSS antennas
shall be designed to radiate in right-hand circular polari-
zation (RHCP) and suppress left-hand circular polarized
(LHCP) modes to be resilient against multipath errors.
�erefore, GNSS antennas must have high gain, good axial
ratio bandwidth, and stable phase center [6].

�e bandwidth of the conventional microstrip antenna
design is narrow [7]. Many new antenna and GNSS antenna
designs have been proposed for dual- or multiband

operation [8–12]. In Reference [8], a low-pro£le, tri-band,
wide slot antenna for the wireless local area network
(WLAN) and world-wide interoperability for microwave
access (WiMAX) applications is proposed. In Reference [9],
a hexaband, quad-circular-polarization (CP) slotted patch
antenna for 5G, GPS, LTE, and radio navigation applications
is proposed. A compact dual-band circularly polarized
microstrip ring antenna for GPS L1 and L2 bands is pro-
posed in Reference [10]. In Reference [11], an improved feed
network with ±8° phase imbalance is designed to be used in
the CP antenna. A compact CP multimode antenna for
global navigation satellite system re�ectometry is presented
in Reference [12]. In Reference [13], a microstrip feed two
pentagon-shaped dielectric resonator antenna array network
is presented. Concept of a defected ground has been inte-
grated to improve impedance bandwidth. In Reference [14],
a 1× 4 cylindrical dielectric resonator antenna (CDRA) array
is successfully developed and presented. �e claimed
structure has introduced quarter wavelength transformer
with power divider network. �e adopted concept gives
adequate response in terms of appropriate suppression,
phase distribution, and power division.

Hindawi
International Journal of Antennas and Propagation
Volume 2022, Article ID 1801213, 6 pages
https://doi.org/10.1155/2022/1801213

mailto:dlenchw@hotmail.com
https://orcid.org/0000-0002-2523-4298
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/1801213


In this paper, a new wideband CP antenna for GNSS is
presented. )e proposed antenna consists of a pair of im-
proved orthogonal dipoles, a polygonal patch, and a re-
flector.)e improved orthogonal dipoles help the antenna to
obtain better symmetrical radiation pattern. A polygonal
patch is used to achieve better antenna gain. In addition, a
power division phase shifting network with less phase dif-
ference fluctuation is developed, which can help the antenna
to obtain better axial ratio bandwidth.)e proposed antenna
is simulated using the HFSS and validated by measurement.

2. Antenna Design

2.1. Antenna Geometry. )e geometry of the proposed an-
tenna is shown in Figure 1. )e design idea of the antenna is
that two linearly polarized antennas are fed by a power
division phase shifting network, so that the two linearly
polarized antennas generate two orthogonal modes with a 90
phase difference and therefore causes a CP radiation. )e
reflector is fabricated from an aluminum plate with a
thickness of 1mm, and other parts are printed on the FR4
substrate with a relative permittivity of 4.32, loss tangent of
0.0027, and a thickness of 2mm. Detailed parametric study
of this antenna is listed in the following section.

2.2. Design of Power Division Phase Shifting Network.
Power division phase shifting network is the basic and
important component in GNSS antenna. A broadband feed
network with CRLH-TLS is used to obtain the required
phase shift and improve the axial ratio in the direction of
maximum radiation, as shown in Figure 2.

Figure 3 shows the printed circuit board (PCB) structure
of the power division phase shifting network, Port1 is the
input port, and other ports are output ports. )e power
division phase shifting network can provide four ways of
equal magnitude signals with stable phase differences of 0°,
90°, 180°, and 270° in the whole band.

Figure 4 shows the simulation result of S21, S31, S41, and
S51 when using CRLH-TLS. A stable phase difference be-
tween the output ports can be obtained by optimizing the
capacitance and inductance values. )e values of L1 and L2
are 12 nH, C1 and C3 are 5.1 pF, and C2 are 9.1 pF.

2.3. Parametric Study of the Designed Antenna. As we know,
an electric dipole has an 8-shaped radiation pattern on the
E-plane and an O-shaped pattern on the H-plane, and the
radiation pattern of a magnetic dipole is opposite to that. As
the basic unit, the linear polarization antenna adopts a
microstrip-fed dipole antenna. )e dipole length of an ideal
symmetric dipole antenna is 0.5λ. In order to increase the
working bandwidth of the antenna, we shorten the length of
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Figure 1: Geometry of the proposed antenna.
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the dipole by widening the width of the dipole. By taking
such measures, both the impedance and the gain bandwidth
of the antenna can be increased. Of course, this will slightly
reduce the antenna gain.

According to the requirements of high-precision
GNSS applications, the 3 dB beamwidth of the antenna
radiation pattern is needed to exceed 100°, which is dif-
ficult to achieve by a single dipole antenna. )is problem
can be solved by placing two antennas of the same po-
larization symmetrically on the reflector. At the same
time, the dipole arms are tilted downward to present a
semicircular shape, which can broaden the beamwidth of
the radiation pattern.

In order to obtain better beam width and compact
structure of the antenna, we shorten the length of adjacent
dipoles and deform dipoles into polygonal patch, so as to
ensure that the resonant frequency of the antenna is within
the working frequency band.

)e structure of the improved dipole and the patch is
shown in Figure 5.

)e influence of the height of the dipole antenna and the
size of the patch on the S11 of the antenna is simulated, and
the results are as shown in Figures 6 and 7.

As shown in Figure 6, in the low-frequency band, the
impedance bandwidth of the antenna becomes wider with
the increase of the dipole height; in the high-frequency band,
the S11 value at the resonance point decreases with the
increase of the dipole height. A similar conclusion can also
be seen from Figure 7. Figure 8 shows the optimized di-
mensions of the dipole and the patch.

)e reflector and PCB can weaken the backward radi-
ation of the antenna through secondary reflection. )e
electromagnetic waves radiating back will oscillate repeat-
edly between the reflector and the PCB and eventually
disappear. )e radius of the reflector depends on the ef-
fective electrical length of its corresponding dipole, which is
approximately 0.45λ (101mm) and 0.59λ (130mm). )e
distance between the reflector and the PCB is approximately
0.022 λ (5mm). )e overall size of the antenna is
130mm ∗ 130mm ∗ 39mm 0.48× 0.48× 0.14λ03(λ0 is the
wavelength in the air at 1.1 GHz).

Figure 5: Structure of the improved dipole and the patch.
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Figure 6: S11 at various dipole heights.
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Figure 4: Simulation result of S21, S31, S41, and S51.
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3. Results and Discussion

)e designed antenna is fabricated, as shown in Figure 9.
)is antenna was also tested, and the results are shown in
Figures 10–12. Figure 10 shows the measured radiation
pattern at 1227MHz, Figure 11 shows the simulated and
measured gain of the antenna in the entire frequency band,
while Figure 12 shows the simulated and measured S11 and
axial ratio of the antenna.

At the same time, the performance of this antenna with
other similar antennas was compared, and the results are as
shown in Table 1.

From Table 1, it can be seen that the impedance
bandwidth of the antenna is 43%, and the measured gains in
the band are higher than 6 dBi. )e 3 dB axial ratio band-
width of the antenna is about 30%, which can be used in
high-precision navigation systems. )e antenna achieves
better performance at a lower cost.
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Figure 9: Fabricated antenna.
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Figure 10: Measured radiation pattern at 1227MHz.
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Figure 11: Simulated and measured gain of the antenna.
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4. Conclusion

In this paper, a wideband antenna for GNSS applications is
proposed. In order to improve the multipath mitigation
performance, the proposed antenna is fed by a new power
division phase shifting network with CRLH-TLS. )e
bandwidth and gain of the antenna are increased by im-
proving the conventional electromagnetic dipole antenna.
Circularly polarized radiation with wide 3 dB-AR beam-
width covers the whole GNSS bands. Simulated and mea-
sured results indicate that the proposed antenna is applicable
for GNSS with high precision.
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